Raw and cooked lentil flours and protein isolate were digested using one-step-multi-enzyme, two-step-sequential multi-enzyme or pre-hydrolyzed with one-step-single-enzyme systems. In vitro protein digestibility values ranged between 22.3 and 94.4%. Sodium dodecyl sulfate polyacrylamide gel electrophoresis revealed minimal loss of intact protein and more extensive digestion after actinidin and acid-protease pre-hydrolysis, respectively. Size exclusion high-performance liquid chromatography analysis confirmed greater loss of high molecular mass polypeptides after acid-protease pre-hydrolysis compared to the other enzymes. Additional digestion of pre-hydrolyzed samples using trypsin-α-chymotrypsin-peptidase resulted in further digestion and release of lower molecular mass peptides. The study demonstrates how different processing treatments and the use of enzymes (alone/in combination) influence lentil protein digestion.
INTRODUCTION
In the last several years, interest in the beneficial effects of lentil protein in health and nutrition has increased. [1] [2] [3] [4] Lentils contain high amounts of protein and are a good source of carbohydrates and minerals. Increasing global demand for alternative and novel sources of plant proteins has expanded interest in using pulse protein as an ingredient in food formulations. [1] [2] [3] [4] Legume proteins have lower digestibility when compared to animal sources of protein. This is primarily due to the large size of their storage proteins and the presence of anti-nutritional factors such as trypsin inhibitors. [1, 2, 4] To improve the digestibility and nutritional quality of legumes including pulses, several pre-treatment techniques (e.g., soaking, germination, cooking/boiling, roasting) and fractionation (e.g., isoelectric precipitation [IEP]) have been explored. [2, 4, 5] Cooking/boiling is one of the simplest and well-known methods of processing pulses to improve protein quality and reduce or inactivate anti-nutritional factors; [6] loss of heat-labile nutrients, and other physicochemical modifications are, however, of concern. IEP has been explored as a processing technique for the production of higher purity protein fractions with improved digestibility. [4, 7] Digestibility is used to assess the nutritional quality of proteins and is an important food attribute. [8] Although in vivo digestibility studies are preferable, in vitro digestibility studies can be used to provide useful data on protein digestibility with less cost, shorter analysis times, greater ease of analysis, and minimal to no ethical concerns. Digestion is aided by secretions and enzymes found in the digestive tract which breakdown food macromolecules into smaller building blocks to facilitate absorption into the body. Most ingredients and foods also have innate enzymes, but these may be deactivated, modified, or lost due to processing. Undigested and poorly digested foods have impaired absorptive potential and intact proteins can potentially be inflammatory and/or harmful. [1, 3] One inexpensive, yet effective remedy to improve the digestibility and ultimately the nutritional value of pulses is the inclusion of digestive enzyme supplements in food or the enzymatic conversion of their flours, concentrates, and isolates to hydrolysates. [3, 7, 9] Although the cost of enzymes can sometimes be high, enzymatic reactions offer tremendous benefits, such as controlled catalysis, milder reaction conditions, and overall cost-effectiveness, in comparison to other treatments (e.g., when high amounts of chemicals are required). [1, 3] The production of hydrolysates from pulse proteins using exogenous endo-and exopeptidases could be used to provide pre-hydrolyzed pulses and peptides with biological activity, maximize the range of potential food products that could be generated from pulses, boost the commercialization of value-added pulses with the additional incentive of greater digestibility. [1] [2] [3] Endopeptidases (trypsin, chymotrypsin, pepsin, pancreatin, acid, protease, actinidin, bromelain, papain, and Alcalase™) hydrolyse peptide bonds within proteins or the non-terminal amino acid (tend to act away from the N-/C-terminus) as opposed to exopeptidases (carboxypeptidase Y, aminopeptidase M, and Flavourzyme™) which break peptide bonds at the terminus of smaller polypeptide chains and bonds not more than three residues from the terminus. A free N-terminal amino group or a C-terminal carboxyl group or both is required for exopeptidase activity. Pepsin is a carboxyl protease with a low pH optimum and possesses an aspartic acid residue in its active center. Acid protease is characterized by its similarities to pepsin in many of its properties [10] and both are less abundant compared to other groups of proteases, such as serine proteases. They share the same catalytic apparatus (two aspartic acid residues), and pH optima for catalytic action in the acidic pH range. Trypsin has a well-defined specificity, cleaving next to lysine and arginine at the primary binding (P1) position. [11] The P1 position is the designated nomenclature for the first amino acid residue in the substrate which undergoes cleavage in the N-direction from the cleaved bond. Chymotrypsin on the other hand has been identified as a non-specific protease that preferentially cleaves next to certain amino acids, such as leucine, tyrosine, phenylalanine, and tryptophan, and to a lower extent, glutamine, serine, and threonine. [11] Pancreatin is a mixture of enzymes containing trypsin-like and chymotrypsin-like proteinases in addition to amylase and lipase. Actinidin, bromelain, and papain are food-sourced enzymes from kiwi, pineapple, and papaya, respectively. Certain cultures have long used these foods to improve digestion due to the benefits of their constituent enzymes. [9] Similar to papain, bromelain is a thiol (cysteine) proteinase with a highly reactive cysteine in its active center. Actinidin is grouped with other cysteine proteases such as papain and contains a free sulfhydryl group. As with papain, actinidin contains fewer cysteine residues (7) compared to stem bromelain (10) . Individual or combined treatments with these proteases through simultaneous or sequential digestion have been shown to hydrolyze protein from various sources to varying extent. [7, 9, 12, 13] Several methods have been described to measure protein digestibility and the total number of peptide bonds cleaved during protein hydrolysis. [3, 14, 15] Without a consensus on the best method to determine the degree of hydrolysis (DH) or protein digestibility, the pH-drop, trinitrobenzenesulfonic acid (TNBS), o-phthaldialdehyde (OPA), pH stat, and soluble nitrogen in aqueous trichloroacetic acid (SN-TCA) methods have been used, with wide variation in protein digestibility and DH values. The overall objective of the work was to assess various strategies on improving lentil protein digestibility. The specific objectives are (1) to assess the effect of dry-milling, cooking, and IEP on lentil protein digestibility, (2) the effect of using various combination of enzymes found in the gastrointestinal tract (GI) on lentil protein digestibility, (3) the effect of pre-hydrolysis with enzymes not naturally found in the GI tract, but in some foods on lentil protein digestibility, and (4) the influence of additional digestion on pre-hydrolyzed samples on lentil protein digestibility.
MATERIALS AND METHODS

Materials
Green lentil seeds (Laird) were grown in Moose Jaw (Saskatoon, SK 
Methodologies
Sample preparation: Preparation of lentil flours and protein isolate
Whole lentil seeds were either frozen in liquid nitrogen, milled into flour (Brinkman centrifugal mill, Brinkman Instruments, Mississauga, ON) and passed through a 5-mesh sieve with 1.5 mm pore size to obtained raw lentil flour (RLF) or rinsed under water and cooked at 95°C for 30 min after which, the seeds were ground and spray-dried to produce cooked lentil flour (CLF). Lentil protein isolate (LPI) was prepared according to the method of Boye et al. [4] modified by Aryee and Boye. [6] The freeze-dried LPI was comminuted in a coffee blender and stored in airtight bags at 4°C.
Protein content
Protein content of the two flours and LPI were determined using a FP-428 Leco ® instrument (Leco Corp., St.-Joseph, MI), based on the Dumas method (AOAC 46-30.01). [16] A nitrogen conversion factor of 6.25 was used.
In vitro protein digestibility (IVPD) studies
Hydrolysates of the raw and CLF and LPI were prepared using the pH-drop/multi-enzyme (trypsin-α-chymotrypsin-peptidase), sequential (pepsin-pancreatin) and simulated gastric and intestinal (pepsin-trypsin-α-chymotrypsin) digestion techniques. The conditions of the reactions are summarized in Table 1 . IVPD was quantified using the acidity (pH-drop) and DH methods as described further below.
Multi-enzyme method (pH-drop technique)
The multi-enzyme technique described by Hsu et al. [14] was used. The RLF, CLF, and LPI samples were each dispersed in deionized water (6.25 mg protein/mL) and adjusted to pH 8 while stirring at 37°C in a water bath. A pH-adjusted multi-enzyme solution (1.6 mg/mL trypsin, 3.1 mg/mL chymotrypsin, and 1.3 mg/mL peptidase) was added to initiate digestion. After 10 min, the pH of STRATEGIES TO IMPROVE LENTIL PROTEIN DIGESTIBILITY 
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ARYEE AND BOYE the reaction was recorded. The reaction mixture was heated at 95°C for 15 min to inactivate the enzymes, and then centrifuged at 10,000 × g for 20 min at 4°C. The recovered supernatant was freezedried and stored for further analysis. The simultaneous addition of trypsin, α-chymotrypsin, and peptidase in the pH-drop method led to the production of RLF hydrolysate (hR-H), CLF hydrolysate (hC-H), and LPI hydrolysate (hI-H). Protein digestibility was calculated as: [13] Digestibility % ð Þ ¼ 210:46 À 18:10x where x is the pH at 10 min. The pH-drop method estimates protein digestibility by measuring the change in pH after a specified period (10 min) of hydrolysis. It is based on the principle that hydrolysis results in the release of carboxyl (-COO − ) and amino (-NH 3 + ) groups. At neutral and alkali pH, the free amino groups deionize and protons (H + ) are liberated. The free H + released into the surrounding reaction medium cause a decrease in pH and the drop in pH is recorded at 10 min. [13] Pepsin-pancreatin IVPD (sequential digestion)
The RLF, CLF, and LPI samples were sequentially digested with pepsin and pancreatin according to the method of Saunders et al. [17] with slight modification. The flours and LPI (5% protein [w/w]) were separately dispersed in 0.1 M HCl, incubated at 37°C and adjusted to pH 2.0. Pepsin was added at an enzyme:substrate ratio of 1:250 (w/w) and hydrolysis was allowed to proceed for 2 h. The reaction mixtures were subsequently adjusted to pH 8.0 with 1 M NaOH and the pepsin-digested hydrolysates were each treated with pancreatin at an enzyme:substrate ratio of 1:250 (w/w). The peptic-hydrolysate-pancreatin mixtures were then digested at 37°C for another 2.5 h, after which the enzymes were inactivated by acidification to pH 6.5. The clear supernatant obtained after centrifuging at 4°C and 10,000 × g for 20 min was freeze-dried and stored for further analysis.
Simulated gastric and intestinal digestion (SGID)
The RLF, CLF, and LPI samples were subjected to digestion under simulated gastric and intestinal conditions according to a slightly modified method previously described by Vermeirssen et al. [18] Gastric digestion was initiated by adding pepsin to each dispersed flour/ isolate (5% protein [w/w], pH 2.0) at an enzyme:substrate ratio of 1:250 (w/w) and allowed to proceed for 2 h at 37°C with continuous shaking in a water bath. At the end of the gastric phase the pH was adjusted to 6.5 and trypsin and α-chymotrypsin were both added at an enzyme:substrate ratio of 1:250 (w/w) and the reaction continued for an additional 2.5 h. The reaction was terminated by acidification and the clear supernatant obtained after centrifuging (10,000 × g, 20 min and 4°C) was freeze-dried and stored for further analysis.
One-step-single-enzyme in vitro protein digestion (pre-hydrolysis) Acid protease, actinidin, bromelain, and papain were separately used to pre-hydrolyze the RLF, CLF, and LPI samples. The conditions of the reactions are summarized in Table 1 . The various reactions were quenched during 15 min of incubation at 95°C. The recovered supernatant following centrifugation (10,000 × g, 20 min and 4°C) was freeze-dried and stored for further analysis.
Degree of hydrolysis (DH)
The extent to with the proteins in the RLF, CLF, and LPI samples were hydrolyzed by the different set of enzymes in the sequential, SGID, and pre-hydrolysis studies were quantified with TNBS according to the method described by Adler-Nissen [19] using L -leucine (0-2 mM) as the standard. In brief, 500 µL of 6 N HCl was added to 10 mg of the hydrolysate in a screw-cap Pyrex STRATEGIES TO IMPROVE LENTIL PROTEIN DIGESTIBILITY tube. The acid digestion was allowed to proceed for 24 h at 100°C in a forced-air oven (Waters Pico-Tag workstation, Milford, MA). The acid-digested hydrolysate was filtered using a 33 mm 0.45 µm syringe filter with a polytetrafluorethylene membrane. A 1% SDS solution was added to 0.25 mL of this filtrate. Sample aliquot of 0.25 mL was added to 2 mL of 0.2125 M phosphate buffer (pH 8.2) and 2 mL of 0.1% TNBS solution. The sample was transferred to a covered water bath maintained at 50°C. A sample blank was run in tandem. After 60 min of incubation, 4 mL of 0.1 N HCl was added to terminate the reaction. Absorbance was read at 340 nm after cooling to room temperature. The DH was calculated as:
where h tot is the total number of peptide bonds per protein equivalent (RLF, CLF, or LPI hydrolyzed samples), and h is the number of hydrolyzed peptide bonds per protein equivalent. This method quantifies protein digestibility based on the reaction of TNBS with primary amino groups. Apart from the required derivatization step, it directly determines the free N-terminal amino groups in the hydrolysate without relying on any complex relationships to determine these groups.
Gel electrophoresis
Samples of the RLF, CLF, and LPI, and their hydrolysates were prepared by re-suspending the lyophilized fractions in sample buffer and analyzed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) according to the method of Laemmli. [20] Aliquots of the supernatant and low molecular mass (MM) standards (14-97 kDa, Amersham Pharmacia Biotech, GE Healthcare Biosciences, Uppsala, Sweden) were loaded on 10-20% precast gradient polyacrylamide Tris-HCl gel. Electrophoresis was carried out on a Bio-Rad Criterion Cell (Bio-Rad Laboratories Inc., Mississauga, ON) at 200 V using 0.1 M Tris-HCl buffer containing 0.1% (w/v) SDS. The gels were stained with Bio-Rad Coomassie Blue R-250 and destained with a mixed solution of 10% (v/v) acetic acid and 40% (v/v) methanol.
Size exclusion high-performance liquid chromatography (SE-HPLC)
Aliquots of the supernatant (50-75 µL) of the RLF, CLF, and LPI and their hydrolysates in 0.1 M phosphate buffer containing 0.1 M NaCl (pH 6.8) or standards were separately injected into a Waters 600 Separation Module System to determine the approximate MM. The HPLC system was controlled by a Waters Empower Pro software, version 2.0 (Waters Inc., Mississauga, ON) and was equipped with a Biosep™-SEC-S3000 column (300 × 7.8 mm; Phenomenex, Torrance, CA, USA) and a photodiode array detector. A mobile phase of the same buffer (0.1 M phosphate buffer, pH 6.8) at a flow rate of 1 mL/min was used during the 25 min run time and elution was monitored at 280 nm. The peaks areas were automatically integrated by the Waters data system. Peak identification was made by comparing the retention times of the samples to that of the standards which included bovine thyroglobulin (669 kDa), apoferritin (443 kDa), β-amylase (200 kDa), bovine serum albumin (66 kDa), and carbonic anhydrase (29 kDa).
IVPD of pre-hydrolyzed flours and isolate
The freeze-dried hydrolysates from each of the pre-hydrolyzed flours and protein isolate were subjected to additional digestion using the multi-enzyme technique by Hsu et al., [14] and protein digestibility (%) was calculated as previously described. The recovered supernatants after enzyme inactivation and centrifugation were freeze-dried and subjected to SE-HPLC analysis according to the method described above.
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Statistical analysis
Data for each set of experiment was subjected to one-way analysis of variance (ANOVA) and differences were considered to be significant at p < 0.05.
RESULTS AND DISCUSSION
The protein content of the RLF, CLF, and LPI were 27.3, 28.2, and 90.1%, respectively. Compared to the raw flour, the isolated proteins were significantly (p < 0.05) more digested (~11%), whereas cooking also significantly (p < 0.05) increased protein digestibility by 6% relative to that of the raw flour using the pH-drop method ( Table 2 ). The increase in protein digestibility is indicative of a larger number of peptide bonds being cleaved and the availability of a higher number of hydrolysis sites in the LPI than in the CLF or RLF. The higher protein digestibility of the CLF and LPI samples may be due to modifications in protein structure during processing which may have exposed more peptide bonds and altered enzyme accessibility to susceptible sites. A previous assessment of the secondary structure of the flours and protein isolate by Fourier transform infrared spectroscopy and circular dichroism revealed modifications induced by the processing methods employed (dry-milling, cooking, and IEP) [6] and these changes may account for the higher susceptibility of the cooked flour and protein isolate to the proteolytic enzymes. Carbonaro et al. [13] related legume protein digestibility to structural modifications induced by thermal treatment (mild: dry heating and severe: autoclaving) and suggested that the high β-sheet content in untreated lentil flour proteins inversely correlated to protein digestibility. Vanga et al. [21] also attributed the increase in protein digestibility to changes in the secondary structure generated by thermal and high electric fields processing. For LPI, the absence of starch and other carbohydrates may have further provided greater accessibility for hydrolysis. Cooking may have also inactivated protease inhibitors known to decrease protein digestibility. In general, cooking and protein extraction were found to reduce the content of anti-nutritional factors [6] which may subsequently contribute positively to digestibility. Indeed, the reduction and/or inactivation of anti-nutritional factors such as trypsin inhibitor and phytic acid-phosphorus as well as minimized interactions and formation of complexes by these compounds with proteins have been suggested as an effective strategy to improve digestibility. [22, 23] When pepsin was added to the flours and protein isolate at stomach pH (to simulate gastric digestion) followed by pancreatin or trypsin and α-chymotrypsin at small intestinal pH (to simulate small intestinal digestion in humans), the DH values ranged between 65.5 and 82.4% ( Table 2 ). For both of these sequential and SGID treatments the DH values followed a similar trend of; LPI > CLF > RLF, with the highest value for LPI, intermediate value for CLF and the lowest value for RLF ( Table 2 ). The IVPD values of the lentil using the sequential treatment significantly (p < 0.05) increased after cooking and IEP by 10 and 26%, respectively, relative to that of the raw flour, and by 8 and 15% in the cooked and protein isolate, respectively, relative to the raw flour under SGID (Table 2) . Again, variations in DH values of the RLF, CLF, and LPI samples may be related to the effects of processing as previously discussed. IVPD values may have also been affected by the specificity, selectivity, and general mode of action of the enzymes used and the properties and cleavage sites of the RLF, CLF, and LPI substrates. [10, 11, 24] Although all the enzymes used in this study fall under a collective group of enzymes called endopeptidases, their preferred substrates and sites of actions differ. The addition of pepsin in the first step of both sequential and SGID treatments may have helped to hydrolyze more peptide bonds exposing new sites that may not have been available to pancreatin or trypsin and STRATEGIES TO IMPROVE LENTIL PROTEIN DIGESTIBILITY α-chymotrypsin, respectively due to pepsin's broader specificity. Kaur et al. [9] reported further digestion of undigested proteins and peptic hydrolysates from gastric digestion in the presence of pancreatin under simulated small intestinal conditions. The DH values obtained in this study vary in the range of several percent from those previously reported by other workers. [12, [25] [26] [27] This could be attributed to variations in substrate and concentration (i.e., enzyme:substrate), hydrolysis time and temperature, and DH quantification methods, which makes comparison of IVPD values of processed and unprocessed flours, and from other studies difficult. [15] Humiski and Aluko [12] reported DH values of 19.10, 18.28, and 16.97% using the TNBS method following hydrolysis of pea with papain, trypsin, and αchymotrypsin, respectively. DH values obtained by the TCA method following peptic digestion of raw lentil seeds ranged between 44.6 and 52%, whereas a combination of pepsin and pancreatin gave DH values of 81.8-99.72%. [26] Cooking significantly decreased both pepsin (19.7-20 .9%) and pepsin-pancreatin (77.0-81.2%) IVPD and the authors related these observations to cookinginduced protein aggregation. [26] Boiling (100°C for 5 min) of lentil and chickpea concentrates prior to sequential addition of pepsin and pancreatin did not significantly affect IVPD. [25] The IVPD of raw red and green lentil concentrate hydrolyzed by pepsin-trypsin-α-chymotrypsin, and papain were 27.1% and 29.1%, and 27.2% and 37.9%, respectively, measured by the TNBS method. [27] Monsoor and Yusif [25] reported DH values of 93.4, 95.2, and 89.0% by the TCA method following sequential pepsin and pancreatin digestion of raw pea, lentil, and chickpea concentrate, respectively.
The effect of pre-hydrolyzing RLF, CLF, and LPI with acid protease, actinidin, bromelain, and papain on simulated small intestinal digestion were analyzed and the DH values are presented in Table 2 . Higher amount of proteins were hydrolyzed by acid protease compared to actinidin, bromelain, and papain resulting in higher DH values. Acid protease pre-hydrolyzed RLF nearly four times more than actinidin, over two times more than bromelain and almost two times more than papain. This trend was similar for the CLF and LPI. The high DH values obtained using acid protease (86.1-94.4%) may partially be due to changes expected in structural conformation and greater susceptibility of the proteins under acidic conditions (pH 2.5) during acid protease hydrolysis. For the other enzymes, the higher DH values obtained upon pre-hydrolyzing the samples using bromelain (38.7-56.9%) and papain (45.2-55.8%) compared to that obtained with actinidin (22.3-34.7%) is likely due to the broader specificities of bromelain and papain; [11, 24] that is to say, these enzymes may have cleaved proteins or larger peptides of the RLF, CLF, and LPI substrates at more sites yielding relatively higher amounts of hydrolyzed peptide bonds per protein equivalent. Actinidin reportedly had little to no effect on the digestion of intact whey protein isolate (WPI) or peptic WPI, zein, gluten, and gliadin digests but enhanced the hydrolysis of peptides from a two-stage pepsin and pancreatin digestion of these protein sources. [9] The flour and protein isolate hydrolysates were characterized by SE-HPLC and SDS-PAGE. The electrophoretic profiles of the untreated flours, protein isolate and hydrolysates are shown in Figs. 1a-1d . As observed with the DH values, lentil proteins from all three sources (RLF, CLF, and LPI) were resistant to actinidin hydrolysis. Lane 3 of Figs. 1b-1d shows almost intact low MM bands between~14 and 20 kDa, and a set of intense bands between~40 and 67 kDa in the actinidin-digested RLF, CLF, and LPI samples. Despite belonging to the same family of thiol proteases as papain and bromelain with an overall similarity in structure and function, the differences in the SDS-PAGE profile of the lentil flours and protein isolate digested by actinidin alone compared to the other enzymes suggest that actinidin had a weak proteolytic effect on these substrates. Hydrolysates produced from the other enzymes showed bands with loss of intensity and the disappearance of the high MM bands and presence of low MM bands (≤28 KDa).
The SE-HPLC profile of the flours, protein isolate, and their hydrolysates are shown in Figs. 2a-2c . The profiles of the acid protease-hydrolyzed flours and isolate show different peptide patterns from those seen after digestion with trypsin-α-chymotrypsin-peptidase, pepsin, and pancreatin or pepsin followed by trypsin-α-chymotrypsin alone, or pre-hydrolyzed with papain, bromelain, or actinidin. The chromatograms of all the hydrolysates show monophasic profiles with retention times between~10.2 and 10.7 min except the acid protease-hydrolyzed flours and isolate which showed two unresolved, prominent peaks at~10.8 or 12.3 min and a minor peak at 14.6 min, representative of lower MM peptides. The similarities as well as differences in the SE-HPLC profiles is a reflection of the mode of action of the enzymes involved and the peptides produced by hydrolysis. The main peak found in CLF, similar to that in the RLF, remained almost intact, whereas the proteins in the LPI succumbed to hydrolysis. The intensity of the peptide peaks generated from RLF, CLF, and LPI hydrolysis using the various enzymes added individually or combination were of the order; actinidin(A) < bromelain(B) < papain(P) < trypsin-α-chymotrypsinpeptidase(H) < pepsin-trypsin-α-chymotrypsin(PTC) < pepsin-pancreatin(PP) < acid protease(AP), A < PP < P < B < PTC < H < AP and B < A < P < PP < PTC < H < AP, respectively.
The in vitro digestibility of the pre-hydrolyzed samples subjected to additional digestion using the pH-drop method was compared to the flours and protein isolate digested by the pH-drop method alone (without pre-hydrolysis; Figs. 3a-3c ). Interestingly, additional in vitro protein digestion of the pre-hydrolyzed flours and protein isolate by the pH-drop method recorded lower protein digestibility values than the RLF, CLF, and LPI samples without pre-hydrolysis ( Figs. 3a-3c ). The digestibility values obtained ranged between 66.5-67.8, 68.3-68.4, and 69.2-72.6% for the RLF, CLF, and LPI pre-hydrolyzed with acid protease, [3, 14, 15] The pre-hydrolyzed-peptide-rich hydrolysates prepared with these endopeptidases may also be poorer substrates for the enzymes used in the pH-drop method resulting in limited release of protons and lower digestibility values. Thus, although further hydrolysis of the pre-hydrolyzed flours and LPI with a mixture of trypsin-peptidase-chymotrypsin (pH-drop method) enhanced the digestion of the hydrolyzed proteins over and above that of the enzymes used during pre-hydrolysis (acid protease, actinidin, bromelain, and papain) as observed by the release of lower MM peptides shown in the chromatogram in Figs. 4a-4c , the multi-enzyme/ pH-drop technique was unable to detect this. 
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Overall, the results from this study suggest that pre-hydrolyzing CLF and LPI with acid protease appreciably enhanced protein digestibility compared to the other enzymes used and dry-milling lentil seeds. Indeed, despite the lower digestibility values recorded using the pH-drop method, the SE-HPLC patterns of the digested pre-hydrolyzed flours and protein isolate show lower MM unimodal peaks (i.e., compared to the samples that were not pre-hydrolyzed, and were also qualitatively indistinguishable (Figs. 4a-4c ). In other words, at the end of the in vitro digestion (i.e., pre-hydrolysis followed by simulated small intestinal digestion), the digestibility of RLF, CLF, and LPI were enhanced over and above that observed when only enzymes simulating small intestinal digestion (trypsin, α-chymotrypsin, and peptidase) were used (Figs. 4a-4c ). High MM compounds were further degraded and lower MM peptides appeared as one major peak which eluted around 15.11 min (Figs. 4a-4c ) after digesting the pre-hydrolyzed flours and protein isolate. The results suggest that pre-hydrolysis with acid protease, bromelain, and papain increased the digestibility of RLF, CLF, and LPI. The proteins and peptides that remained undigested or partially digested after the actinidin pre-hydrolysis phase were also further digested using trypsin, α-chymotrypsin, and peptidase (simulating small intestinal digestion). 
STRATEGIES TO IMPROVE LENTIL PROTEIN DIGESTIBILITY
CONCLUSION
This article presents simple approaches to improve lentil protein digestibility using simple processing methods (dry-milling, cooking, and IEP) and (environmentally benign catalysts [enzymes]). Differences in IVPD were observed among the two lentil flours (RLF and CLF) and LPI depending on the enzymes used. Simulated GI digestion resulted in higher protein digestibility in the LPI than the RLF and CLF. All the enzymes used for pre-hydrolyzing the flours and protein isolate enhanced in vitro GI digestion. Acid protease had the most pronounced effect on enhancing digestibility followed by papain, bromelain, and then actinidin. The study showed that mild processing methods could be used to render peptide bonds more accessible to digestive proteases. Furthermore, results from the study suggest that the digestibility of lentil flours and protein isolate may be improved by pre-hydrolysis using enzymes. As hydrolysis can generate bitter flavors and affect product functionality, future studies on the sensory and functional properties of such hydrolysates would be helpful in determining areas of potential application. In particular, studies on how to minimize the generation of bitter and/or off-flavors would help to enhance the application of enzymes in food processing. 
